In six control subjects pars compacta nerve cells in the ventrolateral substantia nigra had a lower melanin content than nerve cells in the dorsomedial region. This coincides with a natural anatomical division into ventral and dorsal tiers, which represent functionally distinct populations. In six cases of Parkinson's disease (PD) the ventral tier showed very few surviving nerve cells compared with preservation of cells in the dorsal tier. In 13 subjects without PD, but with nigral Lewy bodies and cell loss, the degenerative process started in the ventral tier, and spread to the dorsal tier. This pattern of selective degeneration of nigrostriatal neurons is not seen in ageing or after acute administration of MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine).
The most prominent pathological change in Parkinson's disease (PD) is degeneration of melanin pigmented brainstem nuclei. Consequently neuromelanin has been considered of potential importance in its pathogenesis. The main counter-argument is that nonpigmented regions such as the nucleus basalis, cerebral cortex, and parasympathetic nervous system may be damaged, whereas the pigmented arcuate and periventricular nuclei of the hypothalamus are spared. Melanin cannot therefore be critical to the degenerative process, although its formation from dopamine by autoxidation could release free radicals, and it is capable of binding toxic compounds. Additionally, demelanisation of the substantia nigra (SN) in PD is believed to result from selective death of the more heavily pigmented neurons.' The nigral toxin MPTP (1 -methyl-4-phenyl-1 ,2,3,6-tetrahydropyridine), which causes a Parkinsonian syndrome in primates, destroys those nigral neurons containing the most melanin pigment,2 thus providing a possible analogy with PD.
We have examined the internal anatomy and regional variations in neuronal melanin in the normal human substantia nigra and compared this to patients with PD.
Material and methods
The SN from six controls (aged 55-86 years, median 75 years), six cases of PD (aged 61-87 years, median 69 years), and 13 persons without PD but with Lewy bodies in the SN, known as incidental Lewy body disease or presymptomatic PD3 (aged 50-87 years, median 77 years) were examined. The incidental cases showed Lewy bodies and mild nerve cell loss in the SN pars compacta, as well as in the locus coeruleus. They showed more severe nigral cell degeneration than is normal for ageing, nigral cell loss intermediate between normal and PD, and neuronal inclusions (Lewy bodies and pale bodies) identical to those of PD. Dopamine depletion is known to be present at the time of onset of PD, and such cases were presumed to correspond to a presymptomatic phase of the disorder. The purpose of studying them was to examine cell populations of the SN pars compacta at different stages of degeneration.
Three of the incidental cases also had Alzheimer's disease verified by pathological examination.
For each brain the cerebral hemispheres were divided mid-sagittally and the brainstem divided parasagittally. This Fascicles ofthe oculomotor nerve and cells of the paranigral nucleus and pars compacta increased. Pigmented cells appeared along the capsule of the red nucleus forming a scattered line of cells posterior to the dorsal group. Thus there were three parallel populations, the ventrolateral group becoming the more dominant. Dorsal and ventrolateral groups were often angulated towards each other laterally so that they impinged on one another (level 4, fig ld) . The depth and breadth of the pars compacta was greatest at the mid-SN level (level 5, fig  le) .
In the low midbrain the interpenduncular fossa became shallow and the paranigral nucleus shifted towards the midline. The red nucleus disappeared and fibres of the superior cerebellar peduncle passed dorsal to the SN, decussating across the midline. Pigmented cells lay beside ventral fibres of the superior cerebellar peduncle (level 6, fig lf) . The ventrolateral group faded, and cells of the lateral SN were diffusely spread (level 7, fig lg) .
Nerve cells moved dorsally to form a single strip along the superior cerebellar peduncle, termed the caudal cell group. The paranigral nucleus was smaller, and pontine nuclei developed at the medial and dorsal part of the R:3L cerebral peduncle (level 8, fig lh) .
The pars reticulata lay ventral to the pars compacta and increased in size to level 3. At lower levels its lateral part was reduced by the ventrolateral group and by a dorsal shift of the cerebral peduncle. The medial part continued to level 7 when it was eroded by the developing pons. The pars reticulata contained a few nonpigmented cells recognised by their prominent Nissl substance and nerve cell processes.
Normal distribution of melanin in the substantia nigra The rostral group at levels 1 and 2 contained cells ofsimilar morphological type and pigment intensity. The cells were deeply pigmented, often to the extent of obscuring the nucleus. Our observations on the pattern of cell death in PD are similar to those of Hassler, although we could not identify multiple grades of damage between subpopulations. We found complete neuronal loss in the ventrolateral group, and moderate numbers of preserved cells scattered in the dorsal pars compacta and pars lateralis. This differential vulnerability was emphasised by the findings in incidental Lewy body disease. Lewy bodies and neuronal degeneration spread from the ventrolateral part to other regions of the pars compacta. Recently Hirsch et al" described a study of five populations of tyrosine hyroxylase positive midbrain neurons in PD and controls; the SN pars compacta and pars lateralis, the central grey substance, A8 and AlO cell groups. The study was not comparable with ours as the same subpopulations of the pars compacta were not examined. They found that between these populations melanised rather than nonmelanised cells were preferentially lost. Within each of the five populations non-melanised cells were relatively preserved compared with melanised cells, but there are very few (16% of total) non-melanised cells in the pars compacta, and differential vulnerability may not be determined simply by the presence or absence of melanin. The study was interpreted as supporting melanin as conferring selective vulnerability in midbrain tyrosine hydroxylase containing neurons. However, no correlation was found in the locus coeruleus and nonmelanised neuronal populations are damaged in PD.
Our results differ from those of Mann and Yates, who found that in eight cases of PD remaining nigral cells had 15% less pigment than age-matched controls.' Their study design was also not comparable. The difference in melanin content between ventral and dorsal tier pars compacta neurons provides evidence for their functional disparity, because melanin production depends on the auto-oxidation of dopamine. A low melanin content could be due to reduced dopamine synthesis or more efficient transport to the nerve terminal, but the dopamine turnover rate is lower in striosomes supporting the first of these possibilities."5 The lower rates of dopamine turnover and release from nigral neurons projecting to striosomes corresponds to the more efficient presynaptic dopamine uptake in matrix compared with striosomes. The evidence points to functionally distinct ventral and dorsal tier neurons projecting to striosomes and matrix respectively.6
Mechanisms of cell death in Parkinson's disease In ageing, heavily melanised dorsal tier nigrostriatal neurons are more susceptible than ventral tier neurons, and melanin may also be a weak factor prompting neuronal death in PD" and MPTP-induced Parkinsonism. In addition MPTP in the dog produces greatest degeneration of nigrostriatal terminals in the matrix zone in the anterior caudate nucleus,37 and this may be due to enhanced uptake of MPP + in the matrix compared with striosomes. ' 
